We have investigated the effects of secondary raw materials content on the hydration of slag-cement mixtures. We focus on the important issue of studying cost-effective alkaline additives in binder mixtures based on phosphorus slag. We have analyzed the main phases in slag and ash and found that the most common phase was slag glass. This phase has considerable hydraulic properties due to high latent energy if we compare them to compare to those of the holocrystalline phase of the same compound. The process of adding small amounts of alkali and sulfates to vitreous slag activates its latent hydraulic properties. The effect of alkaline activators creates an alkaline environment required for the reactions between slag glass components. This article provides a way of determining the composition of raw mixtures and ensuring the possibility of correcting it, as well as a method for determining the proper (in terms of quality of concrete) pH value.
Introduction
Phosphorus slag (PS) is a byproduct of phosphor production with the electro-thermal technique -about seven tons of slag are generated during the production of 1 ton of phosphor (Singh and Bhattacharjee 1996) . The annual PS output in China and the USA is 8 and 3.6 million tons, respectively (Liu et al. 2013; Taneja and Tehri 1976; Yusof 2005) .
Utilization of phosphor slurry solves the environmental problem by reintroducing a part of fossil raw materials, thereby reducing the pressure on the environment in two ways: no slurry storage created, and the need to extract raw materials is reduced due to sludge reuse.
Nowadays, phosphorus slag is used to manufacture various construction materials. It is a valuable raw material used as an aggregate for concrete products, as an active mineral additive in the cement industry, and as a basis for manufacturing glass-ceramic materials.
PS comprised mostly of calcium and silicon oxides (Cao and Wang 2013; Karshigina et al. 2015) is less reactive than blast-furnace slag is (Chen et al. 2009; Li et al. 2000) . Residual Р 2 О 5 has a strong decelerating effect on the hardening time of cement, while insufficient concentration of Al 2 O 3 affects the cement strength (Li et al. 2000) . There are various techniques that allow removing thermal, chemical, and mechanical defects (Allahverdi et al. 2016; Razak and Sajedi 2011; Razak 2011a, 2011b) . Chemical activation requires various chemical substances (weak and strong alkali) to give PS cementing properties and to activate its latent hydraulic properties (Allahverdi and Saffari 2011; Bellmann and Stark 2009; Li and Li 2010; Sajedi and Razak 2011b) . Aluminosilicate materials without latent hydraulic or cementing properties can be activated only by strong alkaline activators (Pacheco-Torgal et al. 2008) . Weak alkaline activators can be used with industrial slag (Allahverdi and Saffari 2011; Dongxu et al. 2000) .
Expensive alkaline additives (sodium alkaline melt, metasilicate, sodium disilicate, soda, and other alkaline salts and alkaline earth metals) are usually used to manufacture alkali activated cementing medium. This increases the cost price of products and hinders their massive application in construction material manufacturing technologies. Therefore, it is necessary to create new types of cementing mediums based on phosphorus slag using cheap local alkaline additives.
However, phosphorus slag has a variable chemical composition. This is why the process of determining the optimal composition of slag cementing medium, regardless of the alkaline additive, requires multiple experiments.
The solubility of SiO 2 and Ca(OH) 2 is significantly affected by the pH value. SiO 2 solubility becomes noticeable at pH > 10; at that, up to pH 12.18, the silicon oxide is in balance with the НSiO 3 -ion, while at pH > 12.18 -with the SiO 3 2-ion (Mchedlov-Petrosian 1971) .
Ca(OH) 2 solubility decreases as pH rises. The characteristic development is that the calcium ion to metasilicon acid ion ratio becomes close to 1 at pH = 12.65. At pH > 12.65, this ratio decreases -the basicity drops, and vice versa, at pH < 12.65, it increases -the basicity rises. According to Kondo and Ueda (1973) , solubility of the material depends on density, specific surface area, steam conditions during hydrothermal treatment, and the pH environment, while the glass containing 50% of CaO and 20% of SiO 2 hydrates at pH > 11 -12. Thus, the main sign of hydraulic cementing properties in mineral substances is their ability to create an alkaline environment upon contact with water, thus ensuring the hydration of a cementing medium.
Known methods for determining the optimal composition of raw mixtures based on slag and ash include the following operations: 1) experimental selection of the raw mixture composition by forming samples made out of 10 -11 mixtures of varying composition; 2) mixed grinding of raw components in a ball mill; 3) molding; 4) curing; 5) physical testing of samples and selection of the optimal mixture composition based on the highest strength value of samples. If the chemical composition of raw material changes, the experiments are redone; otherwise, the production cycle may be disrupted. Thus, experimental selection of the raw mixture composition consists of five recurring labor-intensive operations.
The purpose of this research was to create a technique for determining how the process of varying the activity/content of limestones (alkali) or sulfates affects the slag-cement hydration efficiency.
Materials and methods

Materials
PS cementing medium composition, composition of the secondary cement dust of electrostatic precipitators (EPD), chemical composition of phosphorus slag and their effect on the рН are presented in the Tables 1 -3.
We have compared the raw material compositions of cementing mediums based on granulated phosphorus slag manufactured by Kazphosphate LLC, calcium lime manufactured by the Sastobe Cement and Lime Factory, and secondary cement kiln dust of electrostatic precipitators (Shymkent Cement Factory).
Phosphorus slag cementing mediums (PSCMs) were prepared through mixed grinding up to 3500 -4000 cm 2 /g of slag with alkaline additives: common lime (0.5 -20%) and electrostatic precipitator dust (1 -25%). The slaking rate was 5 -7 minutes; lime activity -75 -80%.
Methods
The optimum PSCM composition was selected experimentally by manufacturing a set of samples (4 x 4 x 16 cm) out of mixtures with different ratios of raw material components. The water-binder ratio was 0.20 -0.60. The samples were exposed to curing in a laboratory curing chamber at 85 -90°C in a 3 + 8 + 3 hour mode.
A pH-121 millivoltmeter was used to measure the pH value.
Physical and mechanical properties of PSCM were determined according to the BS EN 196-1:2005 (196-1:2005 , 2016 .
Studied samples were dehydrated, dried in an exhaust cart, and ground until they completely passed through a sieve with 10 4 mesh/cm 2 in order to conduct differential thermal analyses and X-ray fluorescence.
The differential thermal analysis (DTA) of raw materials and hardened PSCM was carried out with a PaulikPaulik-Erdey derivatograph with 10°C/min heating rate and 1 g sample weight; aluminum oxide that did not produce thermal effects in the studied temperature range was used as a reference standard.
X-ray fluorescence was carried out with a DRON-3 rig with nickel filtered radiation at 35 kV voltage, 10 mA amperage, and 2°/min rate. The shape and size of cementing compound crystals was studied with a Tesla BS-242 Е model transmission electron microscope at x3500, x6000 and x14000 magnification.
Results and discussion
According to petrographic studies, most phosphorus slag is a glass-like substance with 63.5 -95.0% of glass content, while the rest is crystalline slag.
As our practice shows, granular phosphorus slag has a variable chemical composition. One-month sampling showed that the chemical composition of phosphorus slag has the following fluctuations. Data are given in The main crystalline type of phosphorus slag is pseudowollastonite (α-CaO SiO 2 ) in the form of prismatic crystals with η g = 1.654 ± 0.002, η р = 1.610 ± 0.0015 Thus, phosphorus slag includes phases of varying chemical activity. The vitreous particle content is important -the higher is the content, the more homogenous will be the slag composition and the higher will be the chemical activity.
Common lime was added to the raw mixture as the alkaline activator. Lime composition has non-dissociated crystals of the raw product and an insignificant amount of burnt lime. The slaking rate was 5 -7 minutes, in other words, the lime is quick-slaking. Lime activity was 75 -80% (second grade).
Electrostatic precipitator dust (EPD) is a fine, partly burned material with a color ranging from light yellow to grey. According to the chemical and X-ray diffraction analysis, dust contains a considerable amount of burnt clay, undercomposed lime, and free lime. Its composition includes primary cement minerals, since part of it comes from the calcination and exothermal reaction area. The alkali concentration in the dust was 1.20 -8.50%. Alkali are in the form of soluble and insoluble compounds. The water-soluble part mostly includes sulfates and carbonates: Na 2 CO 3 , Na 2 CO 3 ·H 2 O, K 2 SO 4 , Na 2 SO 4 , and KHCO 3 . Insoluble compounds include alkali silicates.
Lime addition to the cementing medium creates an alkaline environment, in which the hydration activity of slag increases. The effect of the additive can be explained by accelerated hydrolysis of slag glass, which forms calcium hydrosilicates that comprise the cementing medium. The strength of lime slag cementing mediums (LSCMs) is determined by the amount of new formation products required to cement the slag particles. The amount and quality of new formations (at other conditions staying the same) depends on the lime consumption rate.
Increase in lime concentration in the cementing medium from 0.5 to 10% increases the amount of lowbasic calcium hydrosilicates. This is caused by a separation of the calcium hydrosilicate crystalline grid due to the addition and substitution of lime ions. The separation of the crystalline grid facilitates the dense coalescence of hydrate phase particles and increases the strength of hardened cement paste. Further increase in the amount of lime produces qualitative changes in the composition of new formations, in particular, leads to the emergence of high-basic calcium hydrosilicates and the presence of Са(OН) 2 . This deteriorates the physical and mechanical properties of slag cementing mediums.
In the slag-lime-water system, main products of new formations are low-basic calcium hydrosilicates -СSН (I) and tobermorite. Figure 1 shows the thermograms of slag cementing medium with the addition of 54%-activity lime. At 5% of lime, tobermorite gel and СSН (I) submicrocrystalline formations form the slag stone, which is evidenced by the endo-effect that corresponds to water loss at 130°C and primary dehydration around 230°C on the thermal curve I (Fig. 1) . A small amount of α-and γ-hydrate С 2 S also forms the samples, which explains the weak endo-effects corresponding to 410°C and 720°C. The endo-effect at 720°C can also be related to the complete dehydration of tobermorite. The same calcium hydrosilicates are found in cementing mediums with the addition of 10 -15% of lime (Fig. 2, curves 2  and 3) . Apparently, the increase in lime concentration and the pH enhances the formation of high-basic cal- cium hydrosilicates and reduces the degree of tobermorite crystallization. This is confirmed by the lack of a clear endo-effect in the 210 -240°C temperature range, which is typical for tobermorite, and somewhat increased endo-effects in the 400 -410°C and 720°C temperature range. At the same time, increased lime concentration (15%) should not be regarded as an automatic increase in pH, since the saturation of the solution in regards to Са(ОН) 2 causes its sedimentation in the form of crystals that do not facilitate the activation of slag glass dissolution and the formation of high-basic calcium hydrosilicates. Thermograms of LSCM with 10 -15% of additives show clear endo-effects of Са(ОН) 2 dehydration. All thermograms show signs of exo-effects at the 890°C that correspond to residual slag glass crystallization. Figure 2 shows the results of DTA in the case of slag stone with the addition of 65%-activity lime. The first endo-thermal effect similar to the effect in compositions with 54%-activity lime was caused at 140°C by the loss of free and adsorption water, related to the gel and submicrocrystalline phase of the tobermorite gel and СSH (I) cementing mediums.
At 5% of lime, high-basic calcium hydrosilicates were not found through thermal imaging. Increase in lime concentration in hardened slag stone to 10 -15% did not change the formation of high-basic calcium hydrosilicates significantly. Endo-effects that correspond to 420°C and 735 -745°C are extremely weak; at the same time, as with lower activity lime, calcium hydroxide is formed (endo-effect at 480°C); the intensity of the endo-effect is still weak at 10% (Fig. 2, curve 2 ) of additive, while at 15% (Fig. 2, curve 3) , it corresponds to that of a similar mixture with 54%-activity lime. At the same time, the intensity of exo-effect (at 890°C) that corresponds to residual slag glass crystallization is significantly lower.
Increase in lime activity to 78% (Fig. 3) has caused significant changes in the composition of hydrosilicate phases. A clearer endo-effect of tobermorite was detected in the 220 -250°C temperature range; endoeffects have increased at 420 -440°C. In the case of compositions with 10 and 15% of additive, these effects also increase at 740 -760°C.
Changes in lime activity do not produce proportional changes in the concentration of calcium hydrate in hardened cement paste. Thus, at 54%-activity lime with the addition of 10% of additive to the slag (Fig. 1, curve 2) , the concentration of calcium hydroxide is considerable; in a mixture with 15% of lime, it is even higher. At 65%-activity lime, addition of 10% of additive does not cause significant crystallization of Са(OH) 2 ; only at 15%, endo-thermal effect (at 480°C) that corresponds to calcium hydrate decomposition is similar to that on curve 3, Fig. 1 . Further increase in activity to 78% (Fig.  3) causes an increase in the peak that corresponds to calcium hydrate with the addition of 10% of additive.
Thus, increase in lime concentration and activity affects the depth of original slag glass fracture, as well as the amount and nature of new formations. Although increasing lime concentration and activity affect the hydration process in general, apparently they also cause earlier formation of less stable high-basic calcium hydrosilicates. In addition, independent crystallization of Са(ОН) 2 causes its conservation, thus entailing its useless excess in the system at this stage of the process.
X-ray diffraction analysis of hydrated PSCM (Fig. 4 ) has confirmed the nature of hydrosilicate phase formation, which was discovered with thermal imaging. The main new formation is tobermorite (d = 3.07; 2.97; 2.80; Fig. 4 Fragments of radiographs of hydrated lime cementing materials, lime activity -78, lime concentration: 1 -5%, 2 0 10%, 3 -15%. 1.845; 1.8384Å) with СSН (I) in subordinate amounts (d = 3.03; 2.80; 1.824Å). The composition with 10 and 15% of lime included a certain amount of γ-hydrate С 2 S (d = 2.92; 2.88; 2.85Å) and hydrate Са(ОН) 2 (d = 4.90; 3.11; 2.62; 1.922; 1.791Å).
At x3500 magnification, electron microscopy of fresh chips of hydrated samples determined the stone structure and the morphological peculiarities of the main structure-forming phases.
Depending on lime concentration, samples are characterized by a fine-mound surface with smooth elongated parts. Areas with different surface geometry are not isolated structural elements (Figs. 5, 6 ).
The addition of 10% of lime creates a relatively homogenous calcium hydrosilicate matrix, in which other phases are submerged.
The microphotograph (Fig. 5c) shows fine crystalline and plate formations with a dense structure, which were identified as tobermorite while comparing data collected with other analysis techniques (X-ray fluorescence and DTA). Occasionally, these dense formations are crossed by scales and plates that twist into tubes, which can be identified as cryptocrystalline СSH (I). At that, crystalline phase closely interlocks with the gel phase. The gel phase unites the crystalline phase into a single frame without fixing slag stone structural elements. This reduces the strain that emerges in the hardening structure.
At x14000 magnification, СSН (I) crystals are visible in the slag stone with 10% of lime added. These crystals accumulate into spherical aggregates that are 2 -25 µm in diameter (Fig. 8) .
In the loose part of globules, needle-and fiber-shaped crystals that are 0.1 -1 µm in length are clearly visible; they penetrate certain spherical aggregates edgeways. Apparently, globules are formed at the point of contact between slag grains and lime. Big-scaled radial fibrous crystal aggregates of gyrolite are encountered. Besides these hydrates, tobermorite and α-hydrate С 2 S are encountered in the hardened stone (Fig.7) .
The chip surface of slag stone with 15% of lime added has a block-rhythmic structure (Fig. 8) . Some blocks have the form of calcium hydrosilicate fiber bundles, while other blocks consist of 15 -20 µm wide and 1.5 -2.0 µm long crystals that are parallel to each other. The size of plate aggregates, which are probably Portlandite clots, reaches 10 -25 µm. The gel-like mass aggregates closely with the crystalline phase of slag stone. The crystalline phase is observed in the form of flaky formations with clear cleavage; a dense structure is formed with a relatively equal distribution of hydrosilicates and Portlandite. Fine surface texture of the fracture intersperses with fibrous parts in different directions.
The second activating additive is EPD. Unlike lime, it is characterized by a multicomponent composition. It contains a large amount of burnt clay, undercomposed lime, and free lime. The EPD composition has a small amount of primary cement mineral, Besides, it is extremely saturated with the alkaline component in the form of potassium and sodium sulfates. In EPD from the Shymkent Cement Factory, total content of alkaline metal oxides ranges from 1.2% to 8.5%. In the studied EPD batch, this content was 4.0%.
After EPD was added to slag, hydration processes during the early stages of hardening were deeper in dust-slag cementing mediums than in LSCM under the same hardening conditions. These processes have intensified when the amount of additives was increased.
Thermograms of hardened stone (Fig. 9) show deep endo-effects at 140°C, These endo-effects are related to the primary hydration process due to the loss of water in sub-microcrystalline formations. At the same time, no compound had peaks in the 220 -250°C and 410 -440°C temperature range, which is indicative of the lacking tobermorite phase and high-basic hydrosilicate like α-hydrate С 2 S is typical for LSCM hardened paste. The nature of new hydrosilicate formations in the composition containing 8% of dust can be identified as СSН (I). This is evidenced by the exo-effect at 820°C (Fig. 9) , despite its low intensity. The increase in the content of additives decreases the maximum endo-effects at 820°C and provides weak endo-effects at 560 -580°C and 720°C, which may be indicative of a large amount of high-basic calcium hydrosilicates of variable composition. The highest diversity of calcium hydrosilicate composition was found in the mixture with 20% of dust (Fig. 9, curve 3) .
Thermal imaging data is supported with the X-ray analysis. All radiographs (Fig. 10) clearly differentiate the main maximums of the CSH(I) (d = 3.03; 2.80; 1.825Å), the intensity whereof grows with the increase in the additive amount. At the same time, increase in the amount of additives increases the diversity of hydrosilicate formations through the emergence of high-basic calcium hydrosilicates: α-hydrate С 2 S (d = 3.26; 3.07; 2.88; 1.910Å) and С 2 SH (d = 2.92; 2.88; 1.910Å), which is typical for a compound with 12% of dust.
Electron microscopy of hydrated dust-slug mixtures showed that unlike lime slag compounds, these mixtures are characterized by a less even distribution of new formations across the sample volume and an inhomogeneous grainy texture, related to the aggregation of new plate formations.
In dust-slag cementing medium, sample microstructure is characterized by a dense aggregation of rhombic calcite crystals (Figs. 11a and 11c) , cemented by a finegrain tobermorite mass (Figs. 11a and 11b) and a gellike hydrosilicate mass (Fig. 11 c) .
The results of X-ray fluorescence, derivatographic, and microscopic analyses showed that the main products of PSCM hydration with hardening activators (common lime and EPD) are tobermorite gel with СSH (I) sub-microcrystalline new formations. Their formation in hydrated slag cementing mediums has a favorable effect on strength and durability, since low-basic calcium hydrosilicates have the highest strength among the hydrate phases of hardened cement paste. Increase in the amount of activating additives forms high-basic calcium hydrosilicates: α-and γ-hydrate С 2 S enveloping the rhombic portlandite crystals (Са(ОН) 2 ).
Data on the process of determining the optimal composition of raw mixtures based on PSCM with activators (common lime and secondary cement kiln dust of electrostatic precipitators), pH and raw mixture activity are presented in Tables 2 and 3 .
The optimum lime concentration in the lime-slag compound also depends on the activity of original lime component. At 78%-activity lime, the optimum amount of additive is 10%, at which the strength of stone is R c = 41.0 MPa under compression and R b = 5.5 MPa under bending. At reduced lime activity, the optimum concentration of additives increases by 15% in the case of 65%-activity lime (R c = 38.5 MPa, R b = 5.2 MPa) and by 20% in the case of 54%-activity lime (R c = 37.9 MPa, R b = 4.8 MPa).
Adding EPD also increases the activity of cementing mediums, but only to a certain level ( Table 2 ). The activating effect of EPD is higher than that of lime, since the addition of EPD creates a more alkaline environment. Electrostatic precipitator dust facilitates the formation of calcium hydrosilicates. Besides, cement kiln dust acts as crystalline fuses that create centers of new formation crystallization.
As the content of alkali in the EPD increases, total amount of additives decreases: 20% of EPD should be added to the mixture at 1.2% alkali concentration; 14% -at 1.9% concentration; 12% -at 2.8 -4.0% concentration; 10% -at 8.5% concentration. The best strength (R c = 57.8 MPa, R b = 6.8 MPa) was achieved at 4% EPD activity and 12% of additive content.
The most common phase in slag is glass formation, which has higher hydraulic properties than the holocrystalline phase does due to the considerable latent energy of the cementing medium. The addition of small amounts of alkali and sulfates to vitreous slag activates its latent hydraulic properties. The effect of alkaline activators creates an alkaline environment required for reactions between slag glass components.
We have studied the relationship between the pH val- Fig. 10 Fragments of radiographs of hydrated dust-slag cementing material, Na 2 O+K 2 O concentration in dust -4.0%, dust concentration: 1 -8%, 2 -12%, 3 -20%. Fig. 9 Thermogram of dust-slag cementing material, Na 2 O+K 2 O concentration in dust -4.0%, dust concentration: 1-8%, 2 -12%, 3 -20%.
ues of original mixtures and the sample strength (Figs  12 and 13) . Figures 5 and 6 show that the highest compression strength for samples made out of lime slag mixtures corresponds to рН 12.60, while for the samples made out of dust-slag mixtures -to pH 12.40.
The hydration degree of the PS cementing medium depends mainly on the type and content of activators. We have found that the hydration degree of cementing medium varies between 10 and 15% ( Table 7) . At the same time, hydration degree of hardeningsystems increases significantly with the increase in lime activity from 54 to 78%, as well as in the amount of alkali metal oxides (Na 2 O + K 2 O) that EPD contains. In the slag system, physicochemical process rate is determined by the pH. According to the research, the optimum pH value for LSCM corresponds to 12.60, and for DSCMto 12.40. The results illustrate the dependence of OH concentration in the hardening system on the lime/EPD activity and content. At the 78%-activity lime, its optimum content is 10% of the total PS mass while the pH is equal to 12.60. If one has to create a required concentration of hydroxyl groups in the system with the 65%-and 54%-activity lime, its content increases to 15% and 20%, respectively.
Activating ability of EPD depends mainly on the content of alkali metal oxides (Na 2 O + K 2 O). At the 1.9% content (Na 2 O + K 2 O), the optimum amount of dust is 14%. The increase in alkali (up to 4.0% and 8.5%) leads to a decrease in dust consumption in the cementing medium -to 12% and 10%, respectively.
We have conducted experimental studies of finegrained concrete based on particular compositions and local barkhan sands to determine the effect of the proposed method on the physical and mechanical properties of the product. We have used PS cementing mediums (Tables 1, 2, 3) , at which the maximum values of strength parameters were obtained, while selecting the fine-grained concrete composition ( Table 4) .
We have used barkhan sands of the Shardarinsky de- Fig. 11c Electron microphotograph of the slag stone chip surface, dust concentration -12%, magnificationx14000. Fig. 11a Electron microphotograph of the slag stone chip surface, dust concentration -12%, magnificationx14000. Fig.11b Electron microphotograph of the slag stone chip surface, dust concentration -12%, magnificationx14000.
posit as aggregates. Their characteristics are shown in Section 2.1. Depending on the composition of the cementing medium and the medium-to-aggregate (sand) ratio, we will get a wide range of the strength for the samples. The results are shown in Fig. 14 . Figure 14 shows that the strength increases as the concrete content increases. Thus, at the 90 : 10 ratio, fine-grained concrete strength was 28.2 MPa when the cementing medium contained lime and slag; and 55.7 MPa when the cementing medium contained dust and slag. At the ratio 50 : 50, concrete strength was 30.4 MPa when the cementing medium contained dust and slag. This corresponds to the average grade of cement concrete at the portland cement consumption of 220 -280 kg per 1m 3 of concrete. Figure 14 shows that the strength characteristics of fine-grained concrete with PS cementing medium, activated by various alkaline additives, are not equivalent. Table 8 shows the strength characteristics of the finegrained concrete with PS cementing medium, activated by non-hydraulic lime and secondary cement dust in combination with barkhan sands (50 : 50 and 90 : 10, respectively). Table 5 shows that the fine-grained concrete strength depends not only on the medium-to-aggregate (sand) ratio, but also on the type of PS cementing medium used. In the case of LS cementing medium, fine-grained concrete strength was 15.2 MPa at the 50 : 50 ratio. In the case of dust-slag cementing medium, fine-grained concrete strength was 30.4 MPa.
Based on the experimental data, it can be stated that barkhan sands with low fineness modulus can be used in combination with the PS cementing medium while preparing fine-grained concrete of different strength.
The results of the research on the possibility of using barkhan sand as an aggregate to produce fine-grained concrete based on the PS cementing medium were processed by computer mathematical simulation and optimization methods.
Research significance
Based on the above results, we propose a method for determining the composition of raw mixtures depending on the chemical composition of raw components and based on the pH value. The technique includes two stages: 1. grinding raw components in a laboratory ball mill up to 3500 -4000 cm 2 /g; 2. making a raw mixture out of slag and hardening activators with pH value control: 12.60 for lime slag cementing mediums and 12.40 for dust-slag cementing mediums.
Conclusion
Based on the experimental study, the following conclusions can be drawn: (a) Increasing amount of the cementing medium affects the concrete strength. If the medium-to-aggregate (sand) ratio is 90 : 10, fine-grained concrete strength is 28.2 MPa in the case of lime-slag cementing me- dium, and 55.7 MPa -in the case of the dust-slag cementing medium. At the ratio 50 : 50, concrete strength will be 30.4 MPa if the cementing medium contains dust and slag. This corresponds to the average grade of cement concrete at the portland cement consumption of 220 -280 kg per 1m 3 of concrete. (b) Fine-grained concrete strength depends not only on the medium-to-aggregate (sand) ratio, but also on the type of PS cementing medium used. In the case of LS cementing medium, fine-grained concrete strength was 15.2 MPa at the 50 : 50 ratio. In the case of dust-slag cementing medium, fine-grained concrete strength was 30.4 MPa. (c) Polymict barkhan sand with low fineness modulus can be used as an aggregate to produce fine-grained concrete based on the PS cementing medium. (d) It is found that the main products of phosphorus slag cementing mediums with hardening activators (common lime and electrostatic precipitator dust) are tobermorite gel with СSH (I) sub-microcrystalline new formations. Their formation in hydrated slag cementing mediums has a favorable effect on strength and durability, since low-basic calcium hydrosilicates have the highest strength among the hydrate phases of hardened cement paste. (e) Increase in the amount of activating additives forms the high-basic calcium hydrosilicates: α-and γ-hydrate С 2 S enveloping the rhombic portlandite crystals (Са(ОН) 2 ). (f) Our work shows the expedience in wide application of EPD as a hardening activator for phosphorus slag when making a cementing medium that hardens through curing. We have introduced a method for determining the hydration levels of raw mixtures depending on the chemical composition of raw components and based on the pH value. This method includes two stages and has the following advantages: 1) It reduces labor intensity of laboratory work.
2) It improves time efficiency and laboratory quality of the process.
